Materials and Methods

Preparation
Dense polycrystalline olivine specimens of Fo 90 composition were fabricated from a synthetic precursor, prepared by solution-gelation (sol-gel) methods (29, 30) . Pelletised sol-gel powders were fired at 1400°C under controlled oxygen fugacity conditions (ca. 5 × 10 -4 Pa for pCO/pCO 2 = 1) for 16 hours and subsequently hot-pressed at 1300ºC and 300 MPa Ar confining pressure for 24 hours. After hot-pressing, the resulting dense olivine polycrystals (e.g. H6585 in Table 1 ) were precisely ground to a typical length of 30 mm and 11.5 mm in diameter.
Deformation in compression and torsion
Selected specimens (D6618, D6646, T0436, see Table 1 ) were deformed in either triaxial compression or torsion to increase the dislocation density further. All experiments were carried out with the olivine specimen surrounded by Ni 0.7 Fe 0.3 foil in the stability field of olivine at high temperature. Compression experiments at 1250°C were conducted at ANU using a Paterson-type gas apparatus with a differential stress just below the gas confining pressure (300 MPa) to avoid brittle behaviour. Under these conditions, dislocation creep was expected even for a specimen of 3 µm grain size (31) . The maximum strain rate achieved was about 6 × 10 -5 s -1 with a maximum flow stress of 290
MPa. The specimens were deformed by 2% (D6618) and 22% (D6646) total strain introducing a moderate and high dislocation density respectively.
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A torsional deformation experiment (T0436) was carried out at the University of Minnesota. The twist rate, rather than the internal torque, was controlled during the experiment at 1300°C and 300 MPa Ar gas confining pressure. The specimen was sandwiched between porous alumina discs in order to minimise slip at the aluminaspecimen interfaces. The specimen was successfully deformed to a maximum shear strain of γ = 0.8 at a maximum shear stress of 155 MPa. The maximum shear strain rate was 2.6 × 10 -5 s -1 . Note that 'maximum' here corresponds to deformation at the cylindrical surface of the specimen. The dislocation density adjacent to this outer surface was 2.4 µm -2 , and up to a factor 2 lower radially inwards.
Torsional forced-oscillation testing
Micro-creep forced-oscillation tests were carried out on the hot-pressed and predeformed sol-gel specimens in a compound pressure vessel capable of holding 200 MPa of argon gas pressure. Many aspects of the attenuation apparatus and its operation have been described previously (20, 32) . A summary is given here regarding the current standardised mode of operation and any specifics pertaining to current experiments. The cylindrical specimens were sandwiched between two tapered Lucalox TM torsion rods.
Each assembly was wrapped in a mild steel jacket, flared at the bottom to mate with the experimental assembly inside the apparatus. The lower half of the assembly is composed primarily of a steel elastic standard of known elastic modulus and negligible internal friction and connects to three horizontal lever arms. Two lever arms extend to four Table 1 and representative FTIR spectra are found in Figure S3 . Specimen T0436 after forced-oscillation testing. Other details as for Fig. S1 . The sense of shear is indicated by the arrows. The north (south) poles correspond to the shear plane normal. The pole figures demonstrate a weak CPO prior to forced-oscillation testing (a) for a one-point-per-grain analysis, which is enhanced for a grain-size weighted
